Most public universities in Latin America and Mexico lack laboratories for measuring sediment transport or to do academic activities. The Research Center of the engineering faculty of Chiapas state university (UNACH by its acronym in Spanish) designed a portable prismatic channel for teaching and researching the sediment transportation in rivers. This paper presents the method to measure river sand transportation in a laboratory channel with a mobile bottom and presents the results of twenty-seven experiments done in the portable channel, using nine different slope inclinations and 27 flow and water speed values. The three main results are the following: 1) The construction of the channel with variable slopes, to experiment and measure sediment transportation. 2) A method developed for measuring the volume of sediment in a laboratory. 
Introduction
Lack of economic resources for equipment and experimental research is one of the most critical problems in state universities of Latin America, especially in small towns. In order to collaborate in a solution about it the Research Center DOI: 10.4236/eng.2018. 1011053 760 Engineering (RC) of the Faculty of Engineering of UNACH, Mexico, designed and built a prismatic hydraulic channel (PHC), with the goal to promote experimental research and improve teaching [1] [2] because, in the last 30 years, numerical and virtual models have replaced experimental research in Mexico. The PHC is a channel with a rectangular cross-section and mobile bottom which varies the channel's slope, and it is 5 m long and 9 cm wide. The physical models respond as part of the solution to the limitations of theoretical models [3] , especially when measuring sediment transport volume. The development of physical models and the construction of artificial channels in laboratories help solve many problems that theory alone is not capable of, either due to their mathematical complexity or deficit of computational tools and computing power [3] .
This work presents a method to estimate the volume of sand river sediment transported in a laboratory channel with a mobile bottom. It also introduces an empirical equation that results from 27 experiments done in the portable channel, using nine different slope inclinations and 27 water flow (Q) and water speed (v) values. The empirical equation quantifies the volume of transported sediments with precision. Of the twenty-seven channel slope values shown in Table 1 , the first nine represent "torrent rivers" because their slopes are higher than 6%, while the other eighteen slopes between 1.8% and 6% represent "torrential rivers" [4] .
Recently, several investigations similar to the one published in this work have developed, below, the most relevant of them are the following: Analysis of bridge scours around piers [5] ; verification of geotubes behavior to protect bridge abutments from erosion [6] ; analysis of sediment transport in a hydraulic model of Madre de Dios river [7] ; experimental analysis of erosion pits formation underneath transverse barriers in a curved section of a river [8] and assessment of high risk erosion areas in small rivers, using a two-dimensional hydraulic model [9] . However, the most parallel research to this work in intention and method is the one presented by [10] who studied the sediment load in the Shat Al-Gharaf River in southern Irak and presents three empirical equations to calculate the discharge of sediments in selected sections of the river. In his work, [10] made different measurements to assess the number of suspended sediments; nonetheless, unlike [10] this work calculates the "total amount" of transported sediments through an empiric equation, which means the sum of suspended sediments plus sediments dragged through the bottom. Thus, this paper contributes with the process of the channel construction, the method to calculate and quantify the volume of transported sediment in the laboratory and the process to get the empirical equation for measuring the volume of sediment transported downstream.
Materials and Method

Materials
This investigation used a hydraulic channel with a rectangular cross-section of 9 cm wide, 5 meters long, and a variable slope (Photo 1). The walls and bottom of The SRT serves not only as a "reference model" to validate Q, but also as a deposit for water to circulate the water flow (Q) into the PHC (Photo 1). Figure   1 shows the calibration curve of the SRT.
The hydraulic channel has a gasoline pump of 5 HP with a 2-inch diameter of output, to drive water from the SRT to the PHC and to circulate the flow in a closed system. 
Method
We spread a uniform layer of river sand, 6 cm thick, along the entire length of the bottom of the PHC (Photo 3 and Photo 4). According to Equation (1), the weight of the sand mass (W) was 40.5 kg.
where W is the weight of the soil mass in kg, γ is the specific weight of the soil in kg/m 3 and V is the volume in m 3 .
After placing the coarse river sand in the hydraulic channel, we circulated water, adjusting the bottom slope (So) and water speed until there was no sediment transport. This process was done in 4 hours, using a water flow of 2 l/s, that 
where Q is the water flow (l/s), V is the volume (l) and t is the time (s).
The roughness coefficient of Manning was calculated with Equation (2) [13] : Engineering
where Q is the water flow in m 3 /s, A h , is the hydraulic area in m 2 , R h is the hydraulic radius in m, and S o is the slope of the PCH. The "n" obtained was 0.030.
The design of the experiments include 27 slopes classified as "torrent slopes" and "torrential slopes", each of these with three types of slope. For example, the torrent slopes shown in red in Figure 2 have three levels: high, medium and low.
In the same way, torrential slopes shown in black and yellow were classified as high, medium and low, in order to simulate different conditions of sediment transport according its slope and Froude number.
For each slope in Figure 2 , three types of water flow ranges were used: maximum, average and minimum. Figure 3 shows the three types of flow ranges of Q used in the twenty-seven experiments, which were 1.2 < Q < 3 l/s. Thus, we collected the transported river sand with a cloth over a fine mesh, as shown in Photo 5, so we could measure its volume.
Results
The data collected from the 27 experiments was gathered in Table 1 which shows the main results:
As shown in Figure 4 and Table 1 , if the water velocity decreases the hydraulic regime turns to a subcritical regime, and the sediment volume decreases, in this case are tending to zero.
There is a clear relationship between the reduction in the channel slope, the Froude number, flow velocity, and the sediment transported. Figure 5 shows the relationship between the volume of river sand transported (bottom and suspension sediment), water velocity and the empirical equation (see Equation (4)) for calculating the transported quantities of river sand in a laboratory channel with a mobile bottom. , and v is water velocity in m/s. Figure 6 shows the contrast between the results of the measured volume and the volume calculated with Equation (4), and Table 2 demonstrates the standard deviation, errors and statistical efficiency of the calculations and measurements.
Conclusion
The different slope values. The first nine slopes represent "torrent rivers" because its inclination is bigger than 6%, while the other eighteen slopes represent "torrential rivers". We used coarse sand collected from the Suchiapa River, which was spread all along the bottom of the channel, in a uniform layer 6 cm thick. Its specific weight is 1500 kg/m 3 . We circulated water 27 times, each time with a different water flow and water velocity value, and the transported sand sediment was collected with a cloth over a mesh and quantified. According to the results, there is a clear relationship between the decrease in the channel slope, the Froude . For future investigations, it is necessary to study the total volume of suspended and transported sediment, but each one independently.
